Optimal reference genes for normalization of qRT-PCR data from archival formalin-fixed, paraffin-embedded breast tumors controlling for tumor cell content and decay of mRNA.
Reliable determination of gene-expression levels from qRT-PCR requires accurate normalization of target genes to reference genes in order to remove nonbiological variation. Reference genes are ideally constitutively expressed in every cell, but many genes used for normalization has been shown to vary with tissue type, cellular proliferation, cancer progression, and degradation of nucleic acids. Gene-expression analysis is increasingly performed on degraded mRNA from formalin-fixed, paraffin-embedded tissue (FFPE), giving the option of examining retrospective cohorts. The aim of this study was to select robust reference genes showing stable expression over time in FFPE, controlling for various content of tumor tissue and decay of mRNA because of variable length of storage of the tissue. Sixteen reference genes were quantified by qRT-PCR in 40 FFPE breast tumor samples, stored for 1 to 29 years. Samples included 2 benign lesions and 38 carcinomas with varying tumor content. Stability of the reference genes were determined by the geNorm algorithm. mRNA was successfully extracted from all samples, and the 16 genes quantified in the majority of samples. Results showed 14% loss of amplifiable mRNA per year, corresponding to a half-life of 4.6 years. The 4 most stable expressed genes were CALM2, RPL37A, ACTB, and RPLP0. Several of the other examined genes showed considerably instability over time (GAPDH, PSMC4, OAZ1, IPO8). In conclusion, we identified 4 genes robustly expressed over time and independent of neoplastic tissue content in the FFPE block. Other widely used reference genes were concluded to be less suited for retrospective analysis of FFPE breast samples.